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ABSTRACT 



In an SPC PBX. a frame bit is inserted at periodic intervals 
to each of time-slot sequences from output ports of a time 
switch to fonn primary rate frames and the frame bit is then 
removed from each primary rate frame, producing time-slot 
sequences which are multiplexed and framing bits are 
inserted to form an outgoing secondary rate frame for 
transmission. An incoming secondary rate frame is received 
and framing bits are removed therefrom and demultiplexed 
into incoming primary rate time-slot sequences. A frame bit 
is inserted to each of the incoming primary rate time-slot 
sequences and the frame bit is then removed before being 
supplied to input ports of the time switch. The frame bit 
insertion and removal allows die use of current design 
primary rate interfaces, so that secondary rate interfaces can 
be installed without altering the operating software of Hie 
switch. 

7 Claims, 3 Drawing Sheets 
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STORED PROGRAM CONTROLLED PBX 
ACCOMMODATING SECONDARY RATE TIE 
TRUNKS USING PRIMARY RATE 
INTERFACES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention leiates to stcrcd program controlled 
private branch exchanges (FBXs) and more speciiically to a 
SPC PBX connected via digital tie trunks to a distant FBX. 

2. Description of the Related Art 

Current stoied program controlled PBXs use ISDN pri- 
mary rate interfaces for interconnecting distant PBXs. 
Naturally, there is a need to carry information on a higher 
level of digital hierarchy by using ISDN secondary rate tie 
trunks. However, suce the current SPC PBXs are not 
designed with the frame format of the ISDN secondary rate 
in mind, the installation of secondary rate interfaces in the 
cucrent SPC PBX requires large scale alterations in system 
software. 
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each of the incoining nnmary rate frames to form a plurality 
of time-slot sequences and supplies the time-slot sequences 
to tiie ii^ut ports of the time-division switch. 
Since the first groq) outgoing primary rate intofaces and 
3 the second group incoming primary rate interfaces are 
restively connected to the output ports and input ports of 
the time-division switch in the same manner as in the current 
design, it is not necessary to alter the stored program of the 
controller. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in further detail 
widi reference to the accompanying drawings, in which: 

FIG. 1 is a block diagram of a private branch cxdiange 
according to the present invention; 

FIG. 2 is an illustration of the frame formats of primary 
rate frames and secondary rate frame; and 

FIG, 3 is a block diagram of a modified private branch 
exchange in which tie-trunk circuits arc duplicated. 
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SUMMARY OF THE INVENTION DETAILED DESCRIPTION 

It is therefore an object of the present invention to provide Referring to FIG. 1, tiicre is shown a private branch 
a stored program controlled PBX which facilitates installa- 25 ex<har^ge using a stored-program-controUed time division 
tion of secondary rate interfaces without design changes in switching system and a multiplexer/demultiplexer according 
system software. to the present inventicm. A time switch 11 provides inter- 
According to "the i^sent invention there is provided a changing of 8-bit time slots under the control of a controller 
private branch exchange coirqirising a time-division switch ConttoUer 10 controls the tune switch 11 to cstabhsh 
having a plurality of ou^ut ports and a plurality of input 30 time-divided outgoing connections to the output ports and 
ports, and a controller for controlling tiie switch to establish time-divided incoming connections from the input ports in 
time-divided outgoing connections to the output ports and rcqwnsc to a request from PBX user stations, 
time-divided incoming connections from the input ports lYimary rate interfaces 12-1 to 12-4 of known design are 
according to a stored program. A first group of outgoing connected to the output ports of the time switch II in the 
primary rate interfaces are connected to the output ports for 35 same maimer as in prior art PBX Primary rate interfaces 
respectively receiving a plurality of time-slot sequences in 12-1 to 12-4 each receive time slots at the primary rate of 
which time slots occur at a primary rate and inserting a ISDN from the associated output ports of the switch 11 and 
frame bit at periodic intervals to each of die received insert a frame hit (F) at the beginning of every 24 time slots 
time-slot sequences to form a plurality of outgoing primary ^ * set of four primary rate outgoing frames of 193 Wts 
rale frames. A second groii^ of outgoing primary rate 40 each. As illustrated in FIG. Z the primary rate frames 
interfaces are provided for respectively receiving the out- produced by interfaces 12- 1« 12-2, 12-3 and 12-4 are des- 
going primary rate frames and removing the frame bit from ignated 31, 32, 33 and 34, respectively,, and the time slots 
each of the outgoing primary rate frames to form a plurality contained in these frames are consecutively numbered from 
of time-slot sequences. A time-division multiplexer provides tiic 1st to the 24th for frame 31, from the 25th to the 48th for 
multiplexing of the time-slot sequences from the second 45 fr^une 32, from the 49th to the 72nd fo£ frame 33. and from 
group outgoing primary rate interfaces into a time-slot tiic 73rd to the 96th for frame 34, TTie time slot nunkbers of 
sequence in which timp, slots occur at a secondary rate higher these primary rate frames correspond to the time slot num- 
than the primary rate. An outgoing secondary rate interface bcrs of a secondary rate frame 35. 
provides inserting of framing bits to the time-slot sequence The ouq>uts of i^imary rate interfaces 12-1 to 124 are 
from the multiplexer to form an outgoing sec<«dary rate 50 connected through lines 13-1 to 13^ to primary rate inter- 
frame and transmitting the outgoing secondary rate frame faces 14-1 to 144. Each interface 14-i (where i=l, 2. 3, 4) 
via an outgoing tie trunk to a distant private branch removes the frame bit from the primary rate frame and 
exchange. An incoming secondary rate interface receives an supplies the 24 time slots to a time-division noultiplexer 15. 
incoming secondary rate frame from the distant private In addition, interface 14-i monitors the associated incoming 
branch exchange via an incoming tie trunk and removes 55 line 13-i and alarms the controller 10 if an undesirable 
framing bits from the received secorxlary rate frame to condition occurs on the monitored line For this purpose, 
produce a time-slot sequence. A time-division demultiplexer lines al to a4 are provided from these interfaces to controller 
provides demultiplexing of the time-slot sequence from the 10. Four paralld streams of 24 time sloCs^appearAttte^inmits^ 
incoming secondary rate interface into a plurality of time- ^f muf^lexer 15 where they are sequentially time-division 
slot sequences in which time slots occur at the primary rate. 60 miultiplexed into a stream of 96 time slots. The output of 
A fsxst group of incoming primary rate interfaces are pro- nnult^iexer 15 is fed into a secondary rate interface 16 
vided for respectively receiving the time-slot sequences ^hcrc a 5-bit framing sequen ce FS is^insertc d.for synchro- 
from the demultq>lexcr and inserting a frame bit at periodic nization in a slot position as designated 36 in FIG. 2 to mark 
intervals to each of the received time-slot sequences to form the end of the secondary rate frame 35. This secondary rate 
a plurality of incoming primary rate frames. A second group 65 frame is forwarded onto a one-way tie (dedicated) line 17 
of incoming primary rate interfaces respectively receive the and transmitted to a distant FBX. In addition to the insertion 
incoming primary rate frames and remove the frame bit from of a 5-bit framing sequence, the secondary rate interface 16 
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^Aiosiitcrs the tic Cru&k 17 calls the attCDtio!! of fte 
controller 10 via line if an undesirable condition occurs 
on the mcmitoied de trunk. 

An inconung secondary rate frame of the format 35 from 
the distant PBX is received via a one-way de trunk 20 at a ^ 
secondary rate interface 21. Interface 21 removes the S-bit 
framing sequence from the secondary rate frame and moni- 
tors the tie trunk 20 to alarm the controller via line "c** if 
there is an undesirable condition on dc trunk 20. The line **c" 
also carries information from the inccHning secondary rate 
interface 21 to the controller 10. The output of interface 21 
is supplied to a time division demultiplexer 22. Demuld* 
plexer 22 responds to the removal of the framing sequence 
by interface 21 for decomposing the 96 time slots into four 
segments of 24 time slots each and su|^iying the 24 time- 
slot segments at the primary rate to primary rate interfaces 
23-1 to 234. respectively. In each of the interfaces 23 a 
frame bit is inserted to the beginning of each 24 time-slot 
segment, producing a set of four primary rate frames 31. 32. 
33 and 34 (FIG. 2). The outputs of primary rate interfaces 23 ^ 
are coupled through lines 24-1 to 24-4 to primary rate 
interfaces 25-1 to 25-4. Each interface 25 removes the fr^e 
bit from the primary rate frame to supply a sequence of 24 
time slots to a corresponding input port of the switch 11. In 
addition to the removal of a frame bit eadi interface 25-i 25 
monitors the associated line 24-i and alarms the controller 
10 via lines dl to d4 if an undesirable condition occurs on 
the monitored line. 

Note that primary rate interfaces 14. 23, mult^lexer 15. 
demultiplexer 22 and secondary rate interfaces 16. 21 are ^ 
assembled into an integral unit, or de-trunk circuit 18 so that 
it can be installed as the system expands. Therefore, there is 
a likelihood of the occurrence of discormection in lines 13 
and 24. The pdmary rate interfaces 14 and 25 monitor these 
lines. If one of these lines fails, the controller marks the 
associated port of the switch 11 to prevent it from being 
used. 

Primary rate interfaces 12 and 25 are of the same design 
as those used in the prior art PBX. Due to the provision of ^ 
die same interfaces, the present invention allows a new or 
existing PBX to install the de trunk circuit 18 without 
making a large scale alteration in the software program of 
the controller 10. 

The tie trunk circuit 18 is preferably duj^cated by a 
backup (standby) circuit 26 as shown in FIG. 3 to ensure 
continuity of service when the active circuit should fail. The 
integral tie-trunk circuit 18 is divided into transmit and 
receive units 18A and 18B. The transmit unit ISA includes 
ott-off switches 40-1 to 40-4 disposed in the input lines of 
primary rate interface 14-1 to 14h4. respectively, and an 
ott-off switch 41 connected in the output line of die second- 
ary rate interface 16. The receive unit 18B has an on-o£r 
switch 42 disposed in the input line of secondary rate 
interface 21 and on-off switches 43-1 to 434 disposed in the 
output lines of primary rate interfaces 23-1 to 23^, respec- 
tively. When the de-nrunk circuit 18 is active, all of its 
switches are in the closed position as illustrated. 

The standi^ unit 26 is identical in construction to the 
active unit 18. The transmit unit 26A of the standby unit is 60 
connected in parallel to the active transmit unit 18A and the 
receive unit 26B is coimected in parallel to the active receive 
unit 18B. All the switches of the standby circuit 26 are in the 
open position. 

If a trouble occurs within the active unit 18A or 18B. the 65 
switches of the failed unit are open and the switches of die 
corresponding unit 26A or 26B are closed. 
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What is claimed is: 

1. A private branch exchange conqirising: 
a time-division switch having a plurality of output ports 

and a plurality of input ports; 
a controller for controlling the switch to establish time- 
divided outgoing connections to said output ports and 
time-divided incoming connections from said input 
pc»ts according to a stored program; 
a first group of outgoing primary rate interfaces connected 
to said ou^ut ports for respectively receiving a plural- 
ity of time-slot sequences in which time slots occur at 
a primary rate and inserting a frame bit at periodic 
intervals to each oi the received time-slot sequences to 
form a plurality oi outgoing primary rate frames; 
a second group of outgoing primary rate interfaces for 
respectively receiving the outgoing primary rate frames 
and removing the frame bit from each of the outgoing 
primary rate frames to form a plurality of time-slot 
sequences; 

a time-division multiplexer for multiplexing the time-slot 
sequences from the second group outgoing fsimaiy rate 
inteifaces into a time-slot sequence in which time slots 
occur at a secondary rate hi^^er than the primary rate; 

an outgoing secondary rate interface for inserting framing 
bits to the time-slot sequence from the mult^lexer to 
form an outgoing secondary rate frame and transmitting 
the outgoing secondary rate frame via an outgoing de 
trunk to a distant private branch exchange; 
an incoming secondary rate interface for receiving an 
incoming secondary mtc frame from the distant private 
branch exchange via an incoming de trunk and remov- 
ing framing bits from the received secondary rate frante 
to produce a time-slot sequence; 
a time-division demultiplexer for demultq>lexing the 
time-slot sequence from the incoming secondary rate 
interface into a plurality of time-slot sequences in 
which time slots occur at the primary rate; 
a first group of incoming primary rate interfaces for 
respectively receiving the time-slot sequences from die 
demultiplexo' and Inserting a frame bit at periodic 
intervals to each of the received time-slot sequences to 
form a plurality of incoming primary rate frames; and 

a second group of incoming primary rate interfaces for 
respectively receiving the incoming primary rate 
frames and removing die frame bit from each of die 
incoming primary rate frames to form a plurality of 
time-slot sequences and supplying the time-slot 
sequences to the input ports of said time-division 
switch. 

2. A private branch exchange as claimed in claim 1. 
wherein the second group outgoing primary rate interfaces 
include means for monitoring lines respectively connecting 
the first group outgoing primary rate interfaces to the second 
group outgoing primary rate interfaces and alarming said 
controller if an abnonnal condition occurs at one of the 
monitored lines. 

3. A private beach exchange as claimed in daim 1. 
wherein the second groiq> incoming iHimary rate interfaces 
include means for monitoring lines respectively connecting 
the first group incoming primary rate interfaces to the 
second group incoming primary rate interfaces and alarming 
said controller if an abnormal condition occurs at one of the 
monitored lines. 

4. A private branch exchange as claimed in claim 1. 
wherein the outgoing secondary rate interface includes 
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mcaas for mcnitcdsg she outgoing tie trJiTtk asd alarming 
said controller if an aboonnai condition occurs at the moni- 
tored tie trunk. 

5. A private brandi exchange as claimed in claim h 
wherein the incoming secondary rate interface includes 5 
means for mooitoring the incoming tie trunk and alarming 
said controller if an abnormal condition occurs at the moni- 
tored tie trunk, 

6. A private branch exchange as claimed in claim 1. 
further comprising: lO 

a plurality of on-oflF switches respectively disposed 
between the first group outgoing primary rate interfaces 
and the second group outgoing primary rate interfaces 
and an on-off switch disposed between the outgoing 
secondary rate interface and the outgoing tie trunk; 
an on-off switch disposed between the incoming tie trunk 
and the incoming secondary rate interface and a plu- 
rality of on-off switches respectively disposed between 
the first group incoming primary rate interfaces and ^e 
second group incoming primaiy rate interfaces; ^ 
a standby unit conpising: 
a third group of outgoing primary rate interfaces for 
respectively receiving the ou^oing jHimary rate 
fi-ames from the first group outgoing primary rate 
interfaces and removing the frame bit from each of 
the outgoing primary rate frames to form a plurality 
of time-slot sequences; 
a second time<di vision multiplexer for multiplexing the 
time-slot sequences from the third group outgoing ^ 
primary rate interfaces into a time-slot sequence in 
which time slots occur at the secondary rate; 
a second outgoing secondary rate interface for inserting 
framing bits for synchronization to the time-slot 
sequence from the second mult^lexcr to form an 
outgoing secondary rate frame and transmitting the 
outgoing secondary rate frame via said outgoing tie 
trunk to said distant private branch exchange; 
a second incoming secondary rate interface for receiv- 
ing an incoming secondary rate frame from the ^ 
distant private branch exchange via said incoming tie 
trunk and removing framing bits from the received 
secondary rate frame to produce a time-slot 
sequence; 

a second time-division demultiplexer for demultiplex- 
ing the time-slot sequence from the second incoming 
secondary rate interface into a plurality of time-slot 
sequences in which time slots occur at the primary 
rate; 

a third group of incoming primary rate interfaces fcr ^ 
respectively receiving the time-slot sequences from 
the second demultiplexer and inserting a frame bit at 
periodic intervals to each of the received time- slot 
sequences to form a plurality of incoming primary 
rate frames; 
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a plurality of on-off switches respectively di^sed 
between the first group outgoing primary rate inter- 
faces and the third group outgoing primaiy rate 
interfaces and an on-off switch disposed between the 
second outgoing secondary rate interface of the 
standby unit and the outgoing tie trunk; and 
an on-off switch disposed between die incoming tie 
trunk and the second incoming secondary rate inter- 
face and a plurality of on-off switches respectively 
disposed between the third group incoming primary 
rate interfaces and the second group incoming pd- 
mary rate interfaces. 
7. A method for installing secondary rate interfaces in a 
private branch exchange without altering a system program, 
the private branch exchange comprising a time-division 
switch having a plurality of output ports and a plurality of 
input ports and a controller for controlling the switch to 
establish time-divided outgoing connections to said output 
pc^ and time-divided incoming coxmections from said 
input ports according to the system program, the method 
comprising the steps of: 

a) receiving from said output ports a plurality of primary 
rate time-slot sequences and inserting a frame bit at 
periodic intervals to each of die received time-slot 
sequences to form a plurality of outgoing primary rate 
frames; 

b) removing the frame bit from eadi of the outgoing 
primary rate frames to form a plurality of primary rate 
time-slot sequences; 

c) multiplexing the primary rate time-slot sequences into 
a secondary rate time-slot sequence; 

d) inserting framing bits to the secondary rate time-slot 
sequence to form an outgoing secondary rate frame and 
transmitting die outgoing secondary rate frame via an 
outgoing tie trunk to a distant private branch exchange; 

e) receiving an incoming secondary rate frame from the 
distant private branch exchange via an incoming tic 
tnink and removing framing bits from die received 
secondary rate frame to produce a seccmdary rate 
time-slot sequence; 

f) demultq>lexing the secondary rate time-slot sequence 
into a plurality of incoming primary rate time-slot 
sequences; 

g) inserting a frame bit at periodic intervals to each of die 
incoming imiary rate time-slot sequences to form a 
plurality <^ incoming ptiiaary rate frames; and 

h) removing the frame bit from each of the incoming 
primary rate frames to form a pluraUty of incoming 
primary rate time-slot sequences and supplying die 
incoming primary rate time-slot sequences to die input 
ports of said time-division switdi. 

***** 
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